The proteoglycan neuron-glial antigen 2 (NG2) is expressed by oligodendrocyte progenitors, pericytes, and some cancerous cells where it is implicated in tumor development. We examined mice with NG2-driven pRb inactivation. Unexpectedly, NG2-Cre:pRb flox/flox mice developed pituitary tumors with high penetrance. Adenohypophysial neoplasms developed initially as multifocal lesions; by 1 year, large tumors showed brain invasion. Immunohistochemistry identified these as Pit1-lineage neoplasms, with variable immunoreactivity for growth hormone, prolactin, thyrotropin, and α-subunit of glycoprotein hormones. Other than modest hyperprolactinemia, circulating hormone levels were not elevated. To determine the role of NG2 in the pituitary, we investigated NG2 expression. Immunoreactivity was identified in anterior and posterior lobes but not in the intermediate lobe of the mouse pituitary; in the adenohypophysis, folliculostellate cells had the strongest NG2 immunoreactivity but showed no proliferation in response to Rb inactivation. Pit1-positive adenohypophysial cells were positive for NG2, but corticotroph and gonadotroph cells were negative. RT-PCR revealed NG2 expression in normal human pituitary and human pituitary tumors; immunohistochemistry localized NG2 in nontumorous human adenohypophysis with strongest positivity in folliculostellate cells, and in tumors of all types except corticotrophs. Functional studies in GH4 mammosomatotrophs showed that NG2 increases prolactin (PRL), reduces growth hormone (GH) expression, and enhances cell adhesion without influencing proliferation. In conclusion, NG2-driven pRb inactivation results in pituitary tumors that mimic endocrinologically inactive Pit1-lineage human pituitary tumors. This model identifies a role for NG2 in pituitary cell-type-specific functions and unmasks a protective role from Rb inactivation in folliculostellate cells; it can be used for further research, including preclinical testing of novel therapies.
NG2 targets tumorigenic Rb inactivation in Pit1-lineage pituitary cells

Introduction
Pituitary tumors are common, with increasing prevalences being reported (Ezzat et al. 2004 , Daly et al. 2006 , Fernandez et al. 2009 , Fontana & Gaillard 2009 , Tjornstrand et al. 2014 , Agustsson et al. 2015 . Although pituitary tumors are usually classified as benign, they can cause significant morbidity due to abnormal hormone 23:5 production and secretion, and due to symptoms of mass effects, including visual disturbances and invasion into surrounding brain structures . Although a minority of these tumors is attributable to familial genetic predisposition, the mechanisms underlying the more common sporadic pituitary tumors rarely involve mutations of classical oncogenes or tumor suppressor genes and have yet to be elucidated (Asa & Ezzat 2009 , Asa 2011 . In fact, the only consistent genetic alteration reported thus far is activating the mutation of GNAS that occurs in a subset of somatotroph tumors (Asa & Ezzat 2009 , Asa 2011 .
Neuron-glial antigen 2 (NG2) is a proteoglycan expressed on the surface of a variety of cell types (Levine & Nishiyama 1996) , including oligodendrocyte progenitor cells (Sakry et al. 2014) , chondroblasts (Fukushi et al. 2003) , myoblasts (Petrini et al. 2003) , and pericytes (You et al. 2014) . In addition, it is expressed in several cancers such as glioblastoma and melanoma where it is implicated in angiogenesis and proliferation (Wang et al. 2011) . In addition, NG2 signaling cross talks with FGF signaling (Wang et al. 2011) , which is required for pituitary development and tumor development (Asa & Ezzat 2009 .
Genetically modified mice, particularly those deficient in cell cycle regulators, frequently develop pituitary tumors; however, these mice are not good models of human pituitary tumors (Asa 2001) , because they usually develop undifferentiated tumors that do not phenocopy the human situation. In particular, mice lacking pRb develop undifferentiated tumors of the intermediate lobe, which is only vestigial in the human pituitary gland (Jacks et al. 1992) .
In this report, we identify pituitary tumors of Pit1-lineage cells in mice with conditional pRb ablation under the control of the NG2 promoter. This new mouse model of anterior pituitary tumor more closely mimics the human situation and also brings to light an important role for NG2 in the pituitary gland. Curiously, NG2 expression is highest in folliculostellate cells, the sustentacular cells of the adenohypophysis, yet our data unmask a novel dispensable role for Rb in those cells.
Materials and methods
Generation of constitutive NG2 cell-specific pRb conditional knockout mice
For constitutive deletion of pRb in NG2 cells, NG2creBAC (Cspg4-cre, Jackson Laboratory strain #008533) and pRb conditional knockout mice (pRb flox/flox or pRb flox/+ , Jackson Laboratory strain #008186) were bred to create homozygous NG2creBAC:pRb flox/flox and heterozygous NG2creBAC:pRb flox/+ transgenic mice; these mice were kindly provided by Dr B Alman (Hospital for Sick Children, Toronto, Ontario, Canada). Only female NG2cre mice were used for breeding, as the NG2cre transgene is spuriously activated by an unknown mechanism in male germ cells in NG2creBAC mice. Offspring mice were genotyped by PCR of the tail DNA samples using the following primers. pRb: Fwd: 5′-GGC GTG TGC CAT CAA TG-3′; Rev: 5′-CTC AAG AGC TCA GAC TCA TGG-3′; Cre: Fwd: 5′-GCG GTC TGG CAG TAA AAA CTA TC-3′; Rev: 5′-GTG AAA CAG CAT TGC TGT CAC TT-3′.
The care of animals was approved by the Institutional Animal Care facilities. The animals were maintained at the Toronto Centre for Phenogenomics, Toronto, Ontario, Canada, and were maintained according to the institutional standards. Mice were killed within 24 h when they showed any of the following: symptoms of 'head tilt', hunched or abnormal posture, lethargy or reluctance to move, weight loss exceeding 20% of normal body weight, persistent anorexia and dehydration that could not be alleviated, sunken eyes and pinched face indicative of advanced dehydration, compromised normal behavior, and ambulation or food and water intake.
At the time of killing, blood was collected and tissues were prepared for three types of analysis: frozen in liquid nitrogen and stored at −70°C, fixed in formalin and embedded in paraffin for histologic and immunohistochemical analyses, or fixed in glutaraldehyde and embedded in epoxy resin for analyses using transmission electron microscopy.
Histology and immunocytochemistry
Mouse tissues were collected at autopsy, fixed in formalin, and embedded in paraffin for morphologic examination. All tissues were examined on sections stained with hematoxylin and eosin. Sections of pituitary were stained with the Gordon-Sweet silver method to demonstrate the reticulin fiber network. Immunocytochemical stains to localize adenohypophysial hormones were performed as previously reported (Tateno et al. 2011) . Primary antibodies or antisera directed against mouse pituitary hormones and transcription factors were used at the specific dilutions: Pit1 (Santa Cruz) 1:400 after TE9 pretreatment; steroidogenic factor-1 (SF1; Cedarlane, Burlington, Ontario, Cananda) A tissue microarray (TMA) of human pituitary tumors and nontumorous pituitary was used for analysis of NG2 expression in the human adenohypophysis. The tissue used to create the TMA had been previously characterized for diagnostic purposes using histology and immunohistochemistry; electron microscopy was performed only when required for accurate subtyping. The TMA included triplicate cores of the following tumor types: 10 corticotrophs, 10 somatotrophs (5 each densely and sparsely granulated subtypes), 3 mixed GH-PRL or mammosomatotrophs, 4 sparsely granulated lactotroph, 1 acidophil stem cell, 1 thyrotroph, 2 plurihormonal Pit-1 lineage (silent subtype 3), 32 gonadotrophs, and 22 null cells. In addition, there was one pituitary with somatotroph hyperplasia. Cores of the liver and kidney were used for orientation. NG2 immunohistochemistry was performed on 4-micron sections mounted on coated slides using the affinitypurified rabbit antirecombinant rat NG2 ectodomain provided by Stallcup (Sanford Burnham Prebys Medical Discovery Institute, La Jolla, CA, USA) incubated at 1:500 dilution overnight after TE9 pretreatment.
Immunofluorescence detection of NG2
Snap-frozen tissue sections of normal mouse pituitaries were fixed in prechilled acetone 10 min, washed with PBS, and blocked for 1 h at room temperature in 1% BSA in PBS. Tissue sections were then stained with anti-NG2 antibody (Santa Cruz, SC-30921, at 1:100) overnight at room temperature. After PBS washes, sections were incubated with Alexa555-conjugated secondary antibody (Life Technologies). After PBS washes, samples were incubated with the pituitary hormone antibodies specified previously for 30 min at room temperature. After PBS washes, sections were incubated with Alexa488-conjugated secondary antibody (Life Technologies). Tissue sections were examined with two-photon microscope (LSM700, Zeiss) equipped with a 63× oil immersion objective lens and filters optimized for double-label experiments. Images were analyzed using the LSM IMAGE browser.
Transmission electron microscopy
For electron microscopy, small pieces of pituitary tumor tissue from the NG2creBAC:pRb flox/flox mice were fixed in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide, dehydrated in graded ethanols, processed through propylene oxide, and embedded in epoxy resin. Semi-thin sections were stained with toluidine blue, and appropriate areas were selected for the fine structural study. Ultrathin sections were stained with uranyl acetate and lead citrate and investigated with a JEOL JEM-1230 electron microscope (Akishima, Tokyo, Japan).
Hormone assays
Blood from mice was collected at the time of killing. Hormone assays were performed using the following ELISA kits: IGF1 Quantikine (R&D Systems); PRL and TSH both from Calbiotech, Spring Valley, CA, USA.
RNA extraction and semiquantitative reverse transcription (RT)-PCR
Total RNA was isolated from human pituitary tissue using TRIzol reagents (Invitrogen). One microgram of total DNase-treated RNA from each sample was used to perform reverse transcription in a 20 μL volume using TaqMan Reverse Transcription Reagents kit (Applied Biosystems). The synthesized cDNA was used for PCR amplification. RT-PCR primers were designed to span exons to avoid genomic DNA contamination. The primer sequences are as follows: NG2: 5′-GCC CTA CTT CCC CAC TCT CCT G-3′ Rev: 5′-GCT GCT CTT CCA CCA TTC TCC A-3′ to generate a 134 bp product; PGK1: Fwd: 5′-GCT GAC AAG TTT GAT GAG AAT-3′; Rev: 5′-AGG ACT TTA CCT TCC AGG AGC-3′ to generate a 359 bp product.
Cell lines and cultures
Rat pituitary GH4 mammosomatotroph cells were propagated in Ham F10 medium supplemented with 23:5 12.5% horse and 2.5% FBS (Sigma), 2 mM glutamine, 100 IU/mL penicillin, and 100 µg/mL streptomycin (37°C, 95% humidity, 5% CO 2 atmosphere incubation).
Plasmids and transfection
Rat NG2 cDNA from the NG2 expression vector kindly gifted from Stallcup was subcloned into pcDNA3.1 expression vector. The NG2 expression vector or empty vector was stably transfected into GH4 cells using Lipofectamine 2000 (Life Technologies) according to the manufacturer's instructions. Stable clones were selected using neomycin (G418) at a concentration of 0.7 µg/mL.
Western blotting
Cells were lysed in lysis buffer (0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 1% Nonidet P-40 and 1× PBS) containing proteinase inhibitors (100 µg/mL phenylmethylsulfonyl fluoride (PMSF), 13.8 µg/mL aprotinin (Sigma), and 1 mM sodium orthovanadate (Sigma). Total cell lysates were incubated on ice for 30 min, followed by microcentrifugation at 10,000 g for 10 min at 4°C. Protein concentrations of the supernatants were determined by the Bio-Rad method. Equal amounts of protein (10 µg) were mixed with 5× SDS sample buffer, boiled for 5 min, and separated by 8 or 12% SDS-PAGE, and transferred onto PVDF membranes (0.45 µm; Millipore). Intracellular and secreted hormones were determined using polyclonal antisera to PRL or GH (NHPP) applied at dilutions of 1:8000 and 1:50,000, respectively. Immunoblotting was performed using anti-NG2 (Millipore, 1:1000), antipY-STAT3 (Y705, 1:1000), STAT3 (1:2500), and tubulin (1:1000) (all from Cell Signaling). Nonspecific binding was blocked with 5% nonfat milk in 1× Tris-buffered saline (TBST with 0.1% Tween-20). After washing for 3× 10 min in 1× TBST, blots were exposed to the secondary antibody (anti-rabbit IgG-HRP, Santa Cruz) at a dilution of 1:2000 and were visualized using ECL chemiluminescence detection system (Amersham).
Cell cycle analysis
Equal numbers of GH4 cells were plated and synchronized with defined media for 24 h, and then cultured with growth media for 24 h. After trypsinization, 3 × 10 6 cells were washed with cold PBS and fixed with cold 70% ethanol for 1 h on ice. Fixed cells were washed with staining buffer (0.2% Triton X-100 and 1 mM EDTA (pH 8.0) in PBS) and resuspended in the staining buffer containing 50 μg/mL ribonuclease A (Sigma Chemical Co., St Louis, MO, USA) and 50 μg/mL propidium iodide for 1 h. Cell cycle analysis was performed using flow cytometry (Becton Dickinson, San Jose, CA, USA).
Adhesion assay
GH4 cells were plated at 1 × 10 5 cells per well of Collagen IV-coated culture plates in triplicate and incubated for 4 h, washed with PBS, and fixed and stained with Diff Quik kit (BD Biosciences) according to the manufacture's protocol. Images of entire wells were obtained with a stereomicroscope and were analyzed using the ImageJ Software (NIH, Bethesda, MD, USA) .
Statistics
Data are presented as mean ± standard deviation (s.d.).
Ethics statement
The care of animals was approved by the Institutional Animal Care facilities. The use of human pituitary tissue was approved by the University Health Network Research Ethics Board.
Results
pRb inactivation in NG2-expressing cells leads to Pit1-lineage pituitary tumors
pRb inactivation is known to induce the development of poorly differentiated corticotroph tumors in the intermediate lobe of the mouse pituitary (Jacks et al. 1992) . Abnormalities of the pituitary gland have not been described in global NG2 knockout mice (Chang et al. 2012 , She et al. 2015 . In marked contrast, here we show that targeted pRb inactivation in NG2-expressing cells results in striking pituitary tumor development in the anterior pituitary gland. Specifically, mice generated through NG2 promoter-driven Cre recombinase (NG2-Cre) mice crossed with pRb flox/flox mice permitted the examination of the impact of pRb inactivation in NG2-expressing cells. NG2-Cre:pRb flox/flox mice developed pituitary tumors with near complete penetrance (Table 1) . Morphologic analysis of the pituitary glands from NG2-Cre:pRb flox/flox mice revealed early breakdown of the reticulin fiber network, the morphologic hallmark 23:5 of true neoplasia. This was often multifocal and bilateral in the anterior pituitary glands starting at 4-5 months of age (Fig. 1A) . Tumor growth was evident with increasing age; at 7-8 months, tumors were obvious within the pituitaries (Fig. 1B) , and by 1 year of age, all mice developed large tumors (Fig 1C and D) that compressed the surrounding brain structures, including the optic chiasm, with symptoms of head tilt, including cerebellar ataxia. There was no evidence of malignancy as there was no metastasis found at complete autopsy.
The tumors were composed of solid sheets, nests and trabecula of well-differentiated epithelial cells within a fibrovascular stroma; there was prominent peliosis (Fig. 2A) . Immunohistochemistry proved that the pituitary neoplasms were uniformly positive for the transcription factor Pit1 ( Fig. 2A) , with some showing 
23:5
positivity for ERα, but no positivity for SF1 or ACTH. The Pit1-positive tumors showed variable expression of GH, PRL, TSH, and αSU ( Fig. 2A) . As expected, they were negative for Rb ( Supplementary Fig. 1 , see section on supplementary data given at the end of this article). In some animals, there was clear evidence of multiple lesions (Fig. 2B) ; in older animals with large tumors, variable immunoprofiles suggested that multiple tumors had grown together as collision tumors. The most common lesions were plurihormonal, expressing GH, PRL, αSU, and TSH in various combinations ( Fig. 2A and Supplementary Fig. 2) . Only a few tumors expressed only GH with or without αSU, consistent with somatotroph differentiation; a small number were prolactinomas with PRL positivity only; and occasional tumors produced only TSH and αSU, indicating thyrotroph differentiation.
Electron microscopy of the plurihormonal tumors confirmed that they were composed of uniform populations of round to polygonal epithelial cells with irregular nuclei harboring spheridia, abundant rough endoplasmic reticulum, Golgi complexes, and occasional lysosomes, and forming membrane-bound secretory granules that were somewhat variable but were predominantly small and lined up along the cell membrane (Fig. 2C) . Among 12 heterozygous NG2-Cre:pRb flox/+ mice maintained for up to 537 days, only one mouse developed a pituitary tumor. This 537-day-old female had a Pit1-lineage tumor that expressed PRL, αSU, and TSH.
Pit1-lineage tumors in NG2-Cre:pRb flox/flox mice do not cause hormone excess
As most of the pituitary tumors from the knockout mice developed hormone-producing tumors of Pit1 lineage, we examined their functionality in vivo. The NG2-Cre:pRb flox/flox mice did not exhibit an increase in body size or an acromegalic appearance. Moreover, serum IGF-1 levels were not higher in transgenic mice than in age-matched control littermates (Fig. 3A) . Serum PRL ranged from 3 to 129.39 ng/mL (average 34 ng/mL), whereas it ranged from 2.9 to 24.95 ng/mL in wild-type animals; the elevated levels may be attributed to tumor production but can also be explained by stalk section effect. We could not measure TSH levels in the circulation. By the end point, NG2-Cre:pRb flox/flox mice were thinner and weaker due to reduced food intake and had lower serum IGF-1 levels compared with their age-matched control littermates (Fig. 3A) .
NG expression in the pituitary gland and pituitary tumors
NG2 has been reported to be expressed on the surface of a variety of cell types, including oligodendrocyte progenitor cells, chondroblasts, myoblasts, and pericytes, as well as in cancers such as glioblastoma and melanoma. However, its expression in the pituitary gland has not been reported. Given the development of tumors in the NG2-Cre:pRb flox/flox mice, we first investigated NG2 expression in the mouse pituitary gland by immunohistochemistry. NG2 immunoreactivity was identified in the anterior and posterior lobes of the gland but not in the intermediate lobe (Fig. 4A) . NG2 immunoreactivity was strongest in the sustentacular folliculostellate cells, but was also seen weakly and focally in adenohypophysial cells (Fig. 4A) . Using immunofluorescence, NG2 immunoreactivity was colocalized in cells expressing nuclear Pit1 and in the various Pit1-lineage cells, including GH-producing somatotrophs, PRL-producing lactotrophs, and TSH-producing thyrotrophs (Fig. 4B) . By contrast, NG2 did not colocalize with gonadotropins or with ACTH immunoreactivity; undetectable expression in corticotrophs explains the lack of expression in the intermediate lobe, which is exclusively composed of corticotrophs in the mouse.
Next we examined NG2 gene expression in human pituitaries. By RT-PCR, we identified NG2 expression in normal human pituitary glands as well as in various types of human pituitary adenohypophysial tumors (Fig. 4C) . However, the expression of NG2 by RT-PCR in human pituitary tissues may be a reflection of the common presence of folliculostellate cells. Therefore, immunohistochemistry was performed. This confirmed staining in the majority of cells of the nontumorous adenohypophysis, most intensely in folliculostellate cells (Fig. 4A) ; of 85 adenohypophysial tumors and 1 somatotroph hyperplasia, all 10 corticotroph tumors were negative, and the strongest positivity was found in tumors of Pit1 lineage (8 of 10 somatotrophs, 2 of 3 mixed or mammosomatotrophs, 4 lactotrophs, 1 acidophil stem cell, 1 thyrotroph, and 2 plurihormonal Pit1-lineage tumors). There was also variable positivity in 32 gonadotrophs and 22 null cell tumors.
NG2 alters hormone production and adhesion but not cell cycle in adenohypophysial cells
Having identified the expression of NG2 in nontumorous and transformed adenohypophysial cells, we examined the functional role of NG2 using mammosomatotroph cells that are of Pit1 lineage and coexpress PRL and GH. As GH4 cells do not express endogenous NG2, we established GH4 cells stably expressing NG2. This NG2 expression increased pY-STAT3 levels associated with PRL induction and diminished GH expression (Fig. 5A) . NG2 enhanced GH4 cell adhesion (Fig. 5B) but had no detectable impact on cell proliferation (data not shown).
Discussion
The development of pituitary adenohypophysial tumors in NG2-Cre:pRb flox/flox mice was an unexpected finding, because NG2 was not known to be expressed in the pituitary. Interestingly, the tumors in this mouse model represent the closest mimic to human pituitary tumors in mice with loss of cell cycle regulators. Apart from 23:5 menin-deficient mice that model multiple endocrine neoplasia with pituitary tumor formation (Crabtree et al. 2001) , most other mouse models, including pRb, p27, and p18 knockout mice, develop highly aggressive tumors that usually arise from the intermediate lobe, a structure that is important in rodents but is vestigial in humans (Asa 2001) .
Rb signaling is known to be critical in adenohypophysial cell homeostasis, and although Rb mutation is not a feature of human pituitary tumors, epigenetic silencing has been implicated in dysregulated expression of this tumor suppressor (Yoshino et al. 2007) . Targeted silencing of Rb by NG2 resulted in adenohypophysial tumors with immunohistochemical and ultrastructural features that resemble those of aggressive Pit1-lineage tumors in humans, previously called 'silent subtype 3 adenomas' (Mete et al. 2016) . These tumors are composed of cells that exhibit Pit1-lineage differentiation, but they are not differentiated somatotrophs, mammosomatotrophs, lactotrophs, or thyrotrophs; they most closely resemble thyrotrophs (Mete et al. 2016) . As the original name suggests, these tumors are usually not associated with florid hormone excess in humans, similar to what we identified in the current mouse model. The reasons for this lack of consistent hormone hypersecretory phenotype and/or biochemical evidence of hormone excess are not clear. It is not likely to be attributed to Rb dysregulation, because human tumors with Rb silencing show no preferential lack of functionality (Yoshino et al. 2007) . It may be due to abnormal regulation of hormone synthesis and secretion, as is thought to be the case in most gonadotroph tumors (Snyder 1987 , Asa et al. 1988 , Penabad et al. 1996 , or to abnormal processing of prohormone products, as has been suggested for silent corticotroph tumors (Lloyd et al. 1990 , Chabre et al. 1991 , Stefaneanu et al. 1991 . However, as these two examples indicate, there is no strict relationship between hormone functionality and tumor aggressiveness, because silent gonadotroph tumors are not thought to be aggressive (Nishioka et al. 2015) , whereas other silent neoplasms, including those of Pit1 lineage and silent corticotroph tumors, can be highly invasive and lack responsiveness to conventional therapies .
The development of these tumors in our mice prompted examination of the expression and functions of NG2 in the adenohypophysis. NG2 is strongly expressed in pituitary folliculostellate cells and less so in adenohypophysial cells of Pit1 lineage that express GH, PRL, and TSH. NG2 expression in the normal mouse is weak and focal in adenohypophyseal cells, thus, unlike the global loss of Rb resulting in intermediate lobe corticotroph tumors (Jacks et al. 1992) , NG2-directed loss of Rb is restricted to anterior pituitary cells. It is this restricted and limited loss of Rb that likely also explains the lack of phenotype in most of the heterozygous NG2-Rb animals.
To carry out the functional studies of NG2 in the adenohypophysis, we stably expressed NG2 in GH4 mammosomatotroph cells, which are endogenously deficient of this proteoglycan. These studies revealed that NG2 enhances cell adhesion in those cells but had no discernible impact on cell proliferation. Interestingly, NG2 had a modest effect on hormone expression, resulting in an increase in PRL and diminished GH. The preliminary studies shown here suggest that this hormonal effect is, at least partially, mediated through STAT3 activation. As shown previously, STAT3 is a recognized switch serving to activate PRL gene expression while attenuating GH production in Pit1-lineage mammosomatrophs (Tateno et al. 2011) .
The role of folliculostellate cells in the pituitary has been the subject of long-standing controversy and speculation. Several years ago, it was suggested that spindle cell oncocytomas represent the long-anticipated tumor of folliculostellate cytogenesis (Roncaroli et al. 2002) ; however, these have now been shown to be derived from pituicytes of the posterior lobe (Mete et al. 2013) . The strong expression of NG2 in folliculostellate cells of the adenohypophysis noted in our study is consistent with the recent description of NG2 expression in the clonal TtT cell line that is thought to be derived from folliculostellate cells (Yoshida et al. 2014) . Nevertheless, it was quite unexpected that we found no evidence of proliferation or transformation of those cells in the mouse model. Instead, we propose that folliculostellate cells appear to be uniquely protected from the impact of Rb loss. His finding may explain why tumors from this cell lineage do not occur in mouse or man. This mouse model reemphasizes that, at the very least, loss of pRb is insufficient to result in transformation of folliculostellate cells; the factors underlying this protection from loss of Rb remain to be elucidated.
In sum, pRb inactivation in NG2-positive cells results in Pit1-lineage anterior pituitary tumors that closely mimic their human counterpart. They represent a novel mouse model for an aggressive pituitary tumor and can be used for further research, including preclinical testing of novel therapies.
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